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1 . Title of the Invention Ion Balance Control Device for Static Eliminator 

2. Claim(s) 

1. An ion balance control device for a static eliminator which generates positive/negative ions by 
applying a high positive/negative voltage to a positive and negative electrodes, respectively; said ion 
balance control device for a static eliminator characterized by being provided with an electric current- 
detecting electrode, arranged between the aforesaid positive and negative electrodes, an ion current- 
measuring circuit, which measures the ion current detected by said electric current-detecting electrode, 
and an adjusting circuit for adding/subtracting a voltage or pulse width applied to at least one of the 
aforesaid positive and negative electrodes. 

2. The ion balance control device for a static eliminator of claim 1 characterized by being provided with 
a pulse voltage-applying circuit, which alternately applies a positive pulse voltage to the aforesaid 
positive electrode and a negative pulse voltage to the aforesaid negative electrode; the aforesaid ion 
current-measuring circuit respectively measuring the ion current when the positive pulse voltage is 
applied and when the negative pulse voltage is applied by using the pulse voltage-applying circuit. 

3. The ion balance control device for a static eliminator of claim 2 characterized by being provided with 
an alarm circuit which generates an alarm when the ion current measured by the aforesaid ion current- 
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measuring circuit is at or below a predetermined value. 
3. Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to an ion balance control device for generating an equal amount of 
positive/negative ions in a static eliminator which generates positive/negative ions by applying high 
positive/negative voltages to positive and negative electrodes, respectively. 

[Prior Art] 

As disclosed in the publication of, e.g., Japan Unexamined Patent Publication (Kokai) No. 61- 
290699, it is known that an imbalance in the ion current is detected by connecting the voltage-dividing 
resistors to high voltage resistors connected respectively to the outputs of two positive/negative high 
voltage generators, composing a potential divider of these resistors, and utilizing the fact that the 
currents conducted to the voltage-dividing resistors changes when the voltage of each high voltage 
generator becomes unbalanced. 

[Problems to be Solved by the Invention] 

However, merely fluctuations in the outputs of the positive/negative high voltage generators are 
detected, and a change in the ion current due to external factors, such as the fact that the 
positive/negative electrodes becoming contaminated, cannot be detected. Therefore, whether or not the 
amount of positive/negative ions generated actually is balanced cannot be detected directly, and a highly 
precise ion balance cannot be controlled. 

An object of the present invention is to enable precise detection of changes in the ion current caused 
by external factors, such as the positive/negative electrodes becoming contaminated, and to control a 
highly precise ion balance. 

[Means for Solving the Problems] 

The ion balance control device of the present invention is an ion balance control device for a static 
eliminator provided with an electric current-detecting electrode, arranged between the positive and 
negative electrodes, an ion current-measuring circuit, which measures the ion current detected by said 
electric current-detecting electrode, and an adjusting circuit for adding/subtracting a voltage or pulse 
width applied to at least one of the positive and negative electrodes. 

Furthermore, this ion balance control device is constituted so as to be provided with a pulse voltage- 
applying circuit, which alternately applies a positive pulse voltage to the positive electrode and a 
negative pulse voltage to the negative electrode; the aforesaid ion current-measuring circuit respectively 
measures the ion current when the positive pulse voltage is applied and when the negative pulse voltage 
is applied by using the pulse voltage-applying circuit. In this case, further, an alarm circuit which 
generates an alarm when the ion current measured by the ion current-measuring circuit is at or below a 
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predetermined value is provided. 
[Effects] 

The electric current-detecting electrode arranged between the positive and negative electrodes detects 
directly the ion current conducted between the positive and negative electrodes. The ion current thereof 
changes positively when there are mostly positive ions and negatively when there are mostly negative 
ions, corresponding to the difference in the amount of positive/negative ions. Therefore, by measuring 
the detected ion current using the ion current-measuring circuit, the difference in the polarity thereof and 
the amount of ions may be detected. By automatically adjusting the voltage applied to at least one 
electrode of the positive/negative electrodes with the adjusting circuit, or the pulse width, a 
positive/negative ion balance is engineered automatically. 

[Working Examples] 

A working example of the present invention will now be described in detail on the basis of the 
figures. 

In Fig. 1, the static eliminator itself has a well-known structure in which both a needle-shaped 
positive electrode 1 and negative electrode 2 are arranged opposingly in predetermined intervals, the 
high positive and negative voltages generated by the respective positive/negative high voltage generating 
circuits 3 and 4 are rectified by respective rectifying circuits 5 and 6 and applied respectively to the 
positive electrode 1 and negative electrode 2 to generate positive and negative ions, thus eliminating the 
static charge of a charged object. In the present invention, the ion balance control device 8 in such a 
static eliminator is one in which a needle-shaped electric current-detecting electrode 9 is arranged in the 
middle of the positive electrode 1 and negative electrode 2, the ion current is detected by this electric 
current-detecting electrode 9, measured digitally by a microcomputer, and the positive/negative high 
voltage generating circuits 3 and 4 are controlled automatically by this measurement value. The ion 
balance control device 8 is shown specifically in Fig. 2. 

In Fig. 2, the ion current detected by the electric current-detecting electrode 9 is amplified by 2-step 
amplifying circuits 10 and 1 1 , and depending on the number of ions of each polarity at point a on the 
output side of the amplifying circuit 1 1, a characteristic voltage is not produced, as shown in Fig. 3. 
That is, the solid curve shows when the number of positive/negative ions between the positive/negative 
electrodes 1 and 2 is the same, a dot and dash line shows when there are mostly positive ions, and a 
dashed line shows when there are mostly negative ions. 

The output from the amplifying circuit 1 1 is level-shifted, as shown in Fig. 4, by a level-shifting 
circuit 12 for analog/digital conversion next, after which it is converted to numerical data by an A/D 
conversion circuit 14 through a sampling and holding circuit 13. The A/D converted numerical data at 
point c is determined so that it is at, e.g., FFH (hexadecimal), the highest value, when there are mostly 
positive ions, at 80H when the number of positive and negative ions are the same, and at '00H,' the 
lowest value, when there are mostly negative ions. The A/D converted numerical data is fetched into the 
microcomputer from the input terminal D| of an I/O port 15, and stored in RAM 17, as described later, 
in accordance with control of a CPU 16 thereof, and the polarities and numerical values of the ions 
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detected by the electric current-detecting electrode 9 are measured last by the CPU 1 6. The amount of 
control for the above-mentioned high voltage generating circuits 3 and 4 is computed from the 
measurement value thereof, and the numerical number thereof is outputted from the output terminal D 2 
of the I/O port 15. Moreover, the reference symbol ' 1 8' is a ROM. 

The amount of control (numerical data) outputted from the output terminal D 2 is converted to an 
analog voltage by a D/A conversion circuit 19, amplified by an amplifying circuit 20, and subsequently 
level-shifted by a level-shifting circuit 21 . Now, assuming the numerical data at point d prior to D/A 
conversion is 'FFH,' which is the amount of control with respect to the highest value when there are 
mostly positive ions, '80H,' which is the amount of control when the number of positive and negative 
ions are the same, and '00H,' which is the amount of control with respect to the lowest value when there 
are mostly negative ions, the three level-shifted voltages at point e amplified by the amplifying circuit 20 
are, e.g., 10V, 5 V, and 9V, respectively, and the level-shifted voltages at point fare 1 IV, 16V, and 21V, 
respectively. 

The above-mentioned positive/negative high voltage generating circuits 3 and 4 are adjusted 
respectively by corresponding voltage regulators 22 and 23, and the voltages applied to the respective 
electrodes 1 and 2 are determined. However, in this example, the ion balance is engineered by setting 
the voltage applied to the negative electrode 2 constant and only varying the voltage applied to the 
positive electrode 1. Therefore, the output from the level-shifting circuit 21 is inputted into the positive- 
side voltage regulator 22 but not into the negative-side voltage regulator 23. The output from the 
positive-side voltage regulator 22 is converted in a range of, e.g., 15V to 24V in accordance with the 
voltage from the level-shifting circuit 21, but that of the negative-side voltage regulator 23 is constant 
(e.g., 18V). ~ ' 

Incidentally, in this ion balance control device, a DC static elimination mode, in which respective 
positive/negative DC high voltages are applied, to the positive/negative electrodes 1 and 2, as shown in 
Fig. 5, and a pulse static elimination mode, in which a positive pulse voltage is applied to the positive 
electrode 1, and alternately, a negative pulse voltage is applied to the negative electrode 2, as shown in 
Fig. 6, can be switched by the DC/pulse static elimination changeover switch 24, and in the case of the 
pulse static elimination mode, both 0V and the above-mentioned voltage values are repeated alternately 
with the voltage regulators 22 and 23. The on/off signal of the switch 24 is inputted into the CPU 16 by 
way of the input terminal D 3 of the I/O port 15. 

In the above configuration, if, e.g., dust or the like sticks to the positive or negative electrode 1 or 2, 
the amount of change in the positive ion current and the amount of change in the negative ion current 
differ; hence, the positive and negative ions become unbalanced, and as mentioned above, the 
characteristic voltage is produced at point a, converted to numerical data, and fetched into the 
microcomputer. If this numerical data is higher than, e.g., 80H at the balanced point, or 85H, it is judged 
that the number of positive ions is higher, and numerical data larger than 80H is outputted to the D/A 
conversion circuit 19. Thus, the voltage at point f changes to the low side, and the output voltage of the 
voltage regulator 22 decreases. As it decreases, the voltage of the high voltage-generating circuit 3 also 
decreases. The voltage of the high negative voltage-generating circuit 4 is constant; hence, the ion 
balance is achieved. 
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Incidentally, in the case of DC static elimination, a high voltage is always applied to the electrode 1 
and electrode 2, as above; hence, the amount of change between an initial ion current in which these 
electrodes are not contaminated and an ion current when they are contaminated cannot be judged. 
Therefore, although an ion balance is engineered in the above configuration only, a change in the 
reduction of the amount of ions cannot be detected in the DC static elimination mode. 

Therefore, in this ion balance control device, a change in the ion amount can be detected according 
to the following configuration in the DC static elimination mode, which is described next. 

The constant periods of clock pulses detected at point g in Fig. 2, in short, from an oscillator 25 are 
counted by a counter 26, as in Fig. 7(A), and two 2 kinds of frequency-divided pulses are outputted from 
this oscillator 25. That is, a pulse is outputted from point h on one side, as in Fig. 7(B), which pulse is 
inputted into the aforesaid sampling and holding circuit 13 as a sample and hold control signal, and also, 
inputted into CPU 16 via the input terminal D 6 of the I/O port 15 to confirm this sampling and holding. 
It is inputted, moreover, into the sampling and holding circuit 13 after being inverted by a node circuit 
27. A pulse is outputted from point i on the other side, as shown in Fig. 7(C), which pulse is inputted 
into the aforesaid positive-side voltage regulator 22 as an on/off signal, and also, inverted into a pulse at 
point j by a node circuit 28, and inputted into the negative-side voltage regulator 23 as an on/off signal, 
as in Fig. 7(D). The pulse from point i, moreover, is inputted into the CPU 16 via the input terminal D 7 
of the I/O port 1 5 as a signal forjudging whether the measured ion current is positive or negative. 

The pulses in Figs. 7(C) and (D) are inputted into the voltage regulators 22 and 23 through respective 
gate circuits 29 and 30, and the voltage regulators 22 and 23 are turned on/off thereby only when the 
pulse static elimination control signal (signal at point k) shown in Fig. 7(E) is inputted into the gate 
circuits 29 and 30 from the output terminal D 5 of the I/O port 1 5. These voltage regulators 22 and 23, 
moreover, are both forcibly turned off if the high voltage stop signal (signal at point 1) shown in Fig. 7(F) 
is outputted from the input terminal D 4 of the I/O port 15, and high voltage is stopped from being 
applied to both positive/negative electrodes 1 and 2. A static elimination performance reduction warning 
buzzer 3 1 is connected to the input terminal D 8 of the I/O port 1 5 and a cleaning warning lamp 32 is 
connected to input terminal D 9 of the I/O port 15. Moreover, the signals from the output terminals D 4 , 
D 5 , D 8 , and D 9 of the I/O port 1 5 are obtained from the CPU 1 6 as well. 

In order to measure the ion current detected by the electric current-detecting electrode 9 in constant 
periods, the static elimination control signal (signal at point k) in Fig. 7(E) is outputted in constant 
periods (e.g., 1-hour intervals or intervals of several minutes). When it is high, the pulses in Figs. 7 (C) 
and (D) are inputted into the voltage regulators 22 and 23, the application of high positive/negative 
voltages into the positive/negative electrodes 1 and 2 are turned on/off alternately, and pulse static 
elimination is performed. 

In this case, the CPU 16 confirms inversion of the pulse in Fig. 7(B), and when the pulse is high, it 
fetches the numerical data (ion current) from the AJD conversion circuit 14 and stores it in RAM 17. 
Moreover, it also fetches the pulse in Fig. 7(C), and depending whether this pulse is high or it is low, it 
judges whether or not the numerical data from the A/D conversion circuit 14 (ion current) is data when a 
high positive voltage is applied or a high negative voltage is applied. The CPU 16 compares that 
numerical data with 80H at the balance point, and depending on the difference thereof, outputs the 
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control amount to the D/A conversion circuit 19, as mentioned above. 

As the ion current decreases because of contamination or the like of the positive/negative electrodes 
1 and 2, the numerical data from the A/D conversion circuit 14 differs gradually from 80H at the balance 
point, and the chronological change can be judged by how much (percent) it has decreased from the start. 
For example, as shown in Fig. 8, assuming the cleaning warning point is at a "50 percent decrease from 
the highest value" when the balance point of the positive/negative ion current is 80H, the highest value 
of the positive initial ion current is FFH, the highest value of the initial negative ion current is 00H, the 
positive ion current is COH, and the negative ion current is 40H and the forced stop point is at a "70 
percent decrease from the highest value" when the positive ion current is AOH and the negative ion 
current is 60H, a cleaning warning signal is outputted from the output terminal D 9 of the I/O port 15 
when the ion current decreases to the cleaning warning point or less, and the lamp 32 blinks, and further, 
when the ion current decreases to the forced stop point or less, a stop signal is outputted from the output' 
terminal D 4 and a performance reduction warning signal is outputted from the output terminal D 9 , and 
the buzzer 31 may go off simultaneous to applying high voltages to the positive/negative electrodes 1 
and 2. 

The flow of control performed by the CPU 16, as mentioned above, is described next in accordance 
with the flowcharts in Figs. 9 to 13. 

In Fig. 9 (main routine), the I/O port 1 5 is initialized in Step 50, 80H, which is the balance value, is 
outputted to the D/A conversion circuit 19 from the output terminal D 2 in Step 51, and also, it is stored 
in the 1 st memory of RAM 17, and moreover, the output from the output terminal D 4 is set high in Step 
52 next, the outputs from the output terminals D 5 , D 8 , and D 9 are set low, after which the input into 
input terminal D 3 is fetched in Step 53, and in Step 54, set low or high, in short, whether or not the 
DC/pulse static elimination changeover switch 24 is on the DC static elimination side or pulse static 
elimination side is judged. In the case of a pulse static elimination, the control enters the pulse static 
elimination routine in Fig. 10, and in the case of DC static elimination, it enters the DC static elimination 
routine, respectively. 

In the case of the pulse static elimination in Fig. 10, the output from the output terminal D 5 is high in 
Step 60 (pulse static elimination mode), after which the inspection sub-routine in Fig. 13 is called in 
Step 61. That is, when the DC/pulse static elimination changeover switch 24 is switched, the size of the 
ion current is inspected, as described later. The timer is set (for, e.g., 30 minutes) in Step 62 next, after 
which the measurement routine in Fig. 12 is called in Step 63. 

When it is called, whether or not the input from the input terminal D 6 in Fig. 12 is high, in short, is 
in the sampling and holding interval is judged in Step 80 first, and if it is in the sampling and holding 
interval, the input from the input terminal D l9 in short, numerical data from the A/D conversion circuit 
14 is fetched and stored in a 2 nd memory in step 81 . Whether or not the input from the input terminal D 7 
is low, in short, it is a high positive voltage application time is judged in Step 82. If it is a high positive 
voltage application time, in Step 83, whether or not it is in a sampling and holding interval is judged 
again. If it is in a sampling and holding interval, in Step 84, the numerical data from the A/D conversion 
circuit 14 is fetched again and stored separately in a 3 rd memory. Whether or not the input from the 
input terminal D 7 is high, in short, it is a high negative voltage application time in Step 85. If it is a high 
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negative application time, control proceeds to Step 86 where the deviation of both the positive/negative 
electrodes from the balance point, in short, 80H, which is the balance point, is deducted from the 
contents in 2 nd memory and the contents in the 3 rd memory are deducted from 80H. Now, (the contents 
in 2 nd memory)-80H=A and 80H-(contents in 3 rd memory)=B. 

Whether or not A=B is judged in Step 87 2 next. If A=B, the routine returns to the beginning. 
Otherwise, whether or not A>B or A<B is judged in Step 87 2 . When A>B, the contents in 1 st memory 
are counted down in Step 88 and when A<B, the contents in 1 st memory are counted up in Step 89 and 
the routine returns to the beginning. 

Control thus proceeds to Step 64 from Step 63 in Fig. 10 via the measurement routine, and the 
contents in 1 st memory, in short, the control amount is outputted to the D/A conversion circuit 1 9 
through output terminal D 2 to control the voltage regulator 22, and as mentioned above. Whether or not 
A=B is judged in Step 65 next. If A=B, in short, the deviation from the balance point is the same 
positively and negatively, the inspection sub-routine in Fig. 13 is called, control returns to Step 62, and 
Steps 63 to 65 are repeated in the timer-setting time frame. 

If the inspection sub-routine in Fig. 13 is called, the output from the output terminal D 5 is high (pulse 
static elimination mode) in Step 90, after which the measurement sub-routine in Fig. 12 is called in Step 
91, and the numerical data for the positive/negative ion currents are stored in the 2 nd and 3 rd memories, 
respectively, as mentioned above. Whether or not the DC/pulse static elimination changeover switch 24 
is on the DC static elimination side or pulse static elimination side is judged in Step 92 next. When 
control is on the DC static elimination side, the output from the output terminal D 5 is low in Step 93 and 
the routine returns to the DC static elimination mode, after which, a judgment is made as to whether or 
not the contents in 2 nd memory are COH or less in Step 94 and as to whether or not the contents in 3 rd 
memory are 40H or less in step 95, in short, as to whether or not the ion currents are reduced until the 
cleaning warning point is exceeded. If they are not reduced, cleaning is done as is, but if they are 
reduced, a judgment is made as to whether or not the ion currents pass the forced stop point, in short, 
whether or not the contents in 2 nd memory are AOH or less in Step 96 and whether or not the contents in 
3 r memory are 60H or greater in Step 97 next. When the cleaning warning point is exceeded, the output 
from the output terminal D 9 is high in Step 98 and the lamp 32 blinks. When the forced stop point is 
exceeded, the output from the output terminal D 4 is low in Step 99, the application of high voltage stops, 
and also, the output from the output terminal D 8 is high in Step 1 00 and the buzzer 3 1 goes off. 

In the case of DC static elimination in Fig. 1 1 , the output from the output terminal D 5 is low in Step 
70 (DC static elimination mode), after which the inspection sub-routine is called in Step 71 , the ion 
current is inspected when the DC/pulse static elimination changeover switch 24 changes over, as 
mentioned above, and the timer is set in Step 72. The output from the output terminal D 5 is 
subsequently high in Step 73 in the pulse static elimination mode temporarily, and also, the measurement 
sub-routine is called, the deviation between the measurement of the positive/negative ion currents and 
the balance point is found in the same way as mentioned above, and the contents in l sl memory, in short, 
the control amount is outputted to the D/A conversion circuit 19 from the output terminal D 2 in Step 74 
to control the voltage regulator 22 in the same way as mentioned above. Whether or not A=B is judged 
in Step 75. If A=B, in short, if the deviation from the balance point is the same positively and 
negatively, the output from the output terminal D 5 is low in Step 76, control returns to the DC static 
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elimination mode, after which the inspection sub-routine in Step 77 is called, control returns to Step 72, 
and Steps 73 to 77 are repeated in the timer-setting time frame. 

Moreover, in the working example above, ion balance is engineered by adjusting only the voltage 
applied to one of the positive or negative electrode (the positive electrode), but both electrodes may be 
adjusted. Moreover, the ion balance is engineered also by adjusting the pulse width, not the voltage. 

[Advantages of the Invention] 

As described above, in the present invention, the ion current conducted between the positive 
electrode and negative electrode is detected directly by an electric current-detecting electrode arranged 
between the positive and negative electrodes, the value thereof is measured by the ion current-measuring 
circuit, and in accordance with the measurement value thereof, the voltage applied to at least one of the 
positive or negative electrode, or the pulse width, is adjusted automatically by the adjusting circuit. 

As a consequence, whether or not the positive/negative ions actually generated are balanced can be 
detected directly even if the ion current changed by an external factor, such as the positive/negative 
electrodes becoming contaminated, and a highly precise ion balance can be controlled. 

According to claim 2, a chronological change in the ion current can be detected and according to 
claim 3, a warning is emitted when the ion current decreases to a predetermined value or less. 

4. Brief Description of the Drawings 

Fig. 1 is a conceptual diagram depicting the relationship between the ion balance control device and 
static eliminator in the present invention; Fig. 2 is a block diagram of an example of this ion balance 
control device; Fig. 3 is a graph showing the output voltage at point a in Fig. 2; Fig. 4 is a graph showing 
the output voltage at point b in Fig. 2; Fig. 5 is a waveform of the voltages applied to the 
positive/negative electrodes during DC static elimination; Fig. 6 is a waveform of the voltages applied 
during positive static elimination; Figs. 7(A) to (F) are waveforms of outputs at points g to 1 in Fig. 2; 
Fig. 8 is a graph showing respective control threshold values with respect to the measured ion current 
values; and Figs. 9 to 13 are flowcharts depicting flow of control by a CPU. 

1: positive electrode; 2: negative electrode; 9: electric current-detecting electrode; 16: CPU; 22, 23: 
voltage regulators; 25: oscillator; 26: counter; 31 : static elimination performance reduction warning 
buzzer; 32: cleaning warning lamp 

Applicant: Kasuga Electric Works Ltd. 
Agent: Shin'ichi Harada (Patent Attorney) 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



